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fiSSBOTEBSggfr 1 8 a <tl&gfcjf 1 1 tJ&iJg^^tlT^ 

So 1 8 a tmmm 1 1 roitiMcj^xxa- 

h/W fi£4Igi$#- 1 8 a fdmm 1 

8II16[±. E»h7y**fcifej£t^61Bfc*-ra« 

1 6 a i. dK>G&&gB# 1 6 a (CffiSMtfHCgijgi* 
tl, 6 a«fc9fc;*;€rMi£#-r-5 3— *8B# 

1 6 b.tS^tf. ffi8<S8B#l 6 aiH-^SB^l 6bt 

¥-m.tzgm :3 r'rv7m9<D±izmm2tiT^ 

4. 
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1 



e«fcacjB2©«ttii^ i©mi*<fctfm2©Kttii© 

we* 1 ©*«■«• »i©ai»^. ;i©s&i©k 
he* 2 ©««■«* E«rh 

SlgStU « 2 ©*«*#* O***''****"*"** 2 
Sfc, «r«SB.i©««*»K:*U-CXP-h/Wh*ft 

ftSIHm 2 ©&®g&# k.* 2 © 3 - 9 t ©«5MH* 
ffl©S^«. *2©««»»©if»K:»UT. R»r^©ft 

■aw*?* 1 pa«©*K«»^f i*. 
4ct*»«tr**5iwa2ia*©itt!Ka^"y i*. 

[K#*4] ME* 2 ©«*»«■£* 2 ©3- 
£©*5MH*tt. MB«l©««»»tWEttlWifc© 

[**»H5]. t»E*l©*«»»t*l©3-i'»» 

4©iiTn^t'ia®©*^^' ,s,y F <> 

[»*JH6] «EIB2©**»»ti82©3-i'«» 

tt. -o©B*6tt*-£* ! l*«£"'"**** lft, ' iL ' 

5 © <^-f tcta«©af v f - 

[■1*317] WE»*3'fW< MIB^r-y^H <hi!fl 
B«2©3-^»»i:©IHKlB«anTV»Si4:*W* 

•y 1 4 . _ 

B» 1 © 3 - * £ ©IB WE* * ? £ WE* 2 

<D3-t?m&to>M nt:E«s n-c ^ 4 - <t * 
^att 4I**ji 1 ft^be ©vvrnjwcEiE©SK« 



43«fctJC»2©«tt)it. c©*ife«ttf*2©«tt)i© 

*i ©««»#£. cciifflii^ci^i^ 
snsfs 1 ©3-*«#fc**a* 1 ©«ttHfc»*"r 

s^c jtatami©i&nsB#KttUTxa-Mvf k 

10 i©:nei:. 

ME* 1 ©««*#* WE««B©-tK. * r v 1 

«*»riE-r*fB2©xet. 

fc%>-«#ME*v v7«©±K:E«;Sft*«fc5 

ME***7liS«fctfl*l*:3'ni'©-tfc- *2©«ttB 

ME*2©«tt»»±. eflkh^y^teftRJtr****' 
T** 2 ©«««#£• £©*2©aMf»#K:«»«fc 

on /j^=l_/7ia?4V>*-^^., 

BJfB^4©Xg-ett, »ESB2©«««»fc*2©3- 

9faftk.<DmwRM&* me*i ©»«»fl-fci»Eift» 

[St*!!! 1 0 ] wta* 4 © xa-m. Mia* 2 © 3 - 

**#©* 2 ©«*«#«©****' S§2©BS1S§&#© 
30 [ftltail] MEF»£©***' ***> c9 °" ^ 

1 2 ] me* 4 ©ii-ett. wia* 2 ©«« 
-r* - 1 trsw** 9 u 1 1 <D»?tifr & 

E«©»*«a^y H©Hit*S. 

[M3f»s 1 3 1 ftutam 1 ©ig-m. wiam 1 ©a® 

»0-fci61©3-*»#*' giH@©S(C«fc^T^TS 

40 ct^mt-rsii^g^^bi 2©^Tn^tcia« 

©fMBBa^y H©RJfi*fe 

[**ih-i 4 1 fl5iam 4 ©x@Tii, wta* 2 ©«« 

[MM1S] »ESB3©XSt?tt. «E»R3'f^ 

*. Hftaa^-vy^t8friam2©3-^^t©P4t'IH 

M-r^-<t^®t-r2»«*«9^^bi 4©v*rn*^ 
50 mim 1 e ] me» 3 ©xg-m. fliiiaw^^^ 



3 V-y 



3 

d t t-r&m&m 9 an n 4 <o^m 

MtJftB 1 7 ] ftfrES 1 £)It§-Cfi, fg 1 CD?&ttli£: 

[0 0 0 1] 
[0 0 0 2] 

K (SILT. MR (Magneto Resistive ) <hETo ) 20 

tt^^Sfii; (RT» AMR (Anisotropic Magneto Resi 
stive ) ) M^l^cAMRtf^:, 

Sffitri (EtT* GMR (Giant Magneto Resistive ) £ 
K-T. ) iMffl^/iGMRifi^^o AMRlf 

yHtfflfft, GMRSITSffl^fcS^y KttGMR 
^KtPffctn*. AMRa 7 h'H HEfiMSSE*U 3= 
ii\dyb/ (O^ 1 ) 2 gg^§B4/\ y FtbTMffl 30 
Sft, GMRVyHIt EE»*flfrt*3*#lf!y h/ 
(-f 2 Se^.SSS'x-y KtLT?lffl$ftT^ 

[0 0 0 3] F©tt«SloI±Sii--5*j*tUT 
tt, MRR*AMR|R^6GMRIS«<7)«St«fit*«<D 
anfctt^ftSlrittWfitC^AS^rtt^. MR ROOM R 

tt. MR3R^<OXT^TU>^BS«I<Z>aSl5A^JR»«© 
SSSTOfiS (BS£) X7^7»J>^ffiG>Jn 

;r£(C^5x7^7U>^Ste, JWSaat'Sy KOD. 

[0 0 0 4] K<Z)tt«|Rl±k:ffoT, IB 

ffiSft^tSMBtlTH XU»h/Wh (Throat H 
eight : TH) ^D-h/WMt 2*oa>««Ji 

*«»*t7^i8*l/T»|filt*BI!»iO, X7^7'J 

ES^-;/ K<0ttflErpJ-t0>fc#*ctt. XD-h;W 50 



4 

[0 0 0 5]E»AyHOtt«©5^ ESffift£ffi«> 
S^tt. «ftE0fctttfMc;£t*3 h^y^g^Jhtf^ 

jw*o* cn&a^sfc^^^wfripxftiif^jffla 

[0 0 0 6] uCT\ @13^^L@18^#ILT, 

43, 01 8tc43<^T, (a) ttx7^7'J 

>^BKlSiE&Wrffi£:iRU (b) «a@gP5>cDXT^ 

[0 0 0 7] ei(D»iS*ffi7?tt, £lT. il3C^Uc 
J:-3(C. «^H7^r>fy^ (AI2O3 -TIC) ck 
t)?S:5i«10 1©±t:, 0H^«T;P^^- (A I 
2 O3 ) JcDJk.5*6»J»l 0 2*. 
T*f*9T£>o #clc, 1 0 200_htc. ^ttW^cfcO 

^S^7Kffl(OTa5y-^HI10 3^ 2 — 3 m 

[0008] mz. ii4f:^i>rcj;^^ TS8^— ;i/ 

KH 1 0 3(D±iZ. fe«7iR«7 0-1 0 0nm 

¥*vzfmi 0 4£^/£T£>o #cfc. Tg&v'-^K^ 
^y^l0 4(OX(C. B4ffl0MR$f 1 0 S^^jsET 
£>£:a6<DMRj@|£:, R+nmWjp^lCjgjdG-r*. ^tC, 
C<DMRjg|£>_t;(C. MR*fl 0 5 teMtiLt^mAfc 

T*. ^tC, 7* h l/i/X — >^VX^tlT, 
«*tf-f U >i? r iCctoTMRK«:X-/5 L >yu 

T» MR$f 1 0 5&M&-?Z>o MRlf 1 0 5 

tt, GMRiftfecfc^U AMRlftfei^. 

iz. T^y-j^^^^^ymi 0 4<D±iz. mc7*b 

SWlCftttSnS— #<©«ffiHl 0 6*. S+nmCDJP 

[0 0 0 9] *C, TS8y-JH-^t7yiil0 4M 
MRif 1 0 5(D±IZ. *aRJB<!:LT<Z)±8KS/— ;UK 
: ft77 P I10 7^ 1 7 0 — 1 0 0 nmCQjp^fCfl^jt 
U MR*f 1 0 5«y-^^t7^ISl 0 4, 10 

[0 0 10]*!:, 015 lZ^Lfc<kolZ. XSS>—;u 



4 V-y 



3-3. 5um»»*lC*l«-*. *C Tf®%ll 
r ^ il0 9£. 0. 2-0. 3*m©»*K*»** 

[ooi2] ^tc, Bi7e:*^5 c > 7 * hl ^ 

.H113*Wt.<H14«yiC 7*M^*h 

H 155. Bft£©/*K->fc***** ^ 20 

^X Hil 1 £»2 5 0 C 

[0 0 131 C-TT. 3^H12, 114t7*M^ 
.^n'lio, 113, 1 1 &Tr»jS**l**ttC* 

[0 0 141 H18^bfc<fc^ bE^VV 

^110 9. 7tb^^l 13 ' 115W±IC.^ 

116S, »0. 5-1- BumOUK*^*' J" 
T. TWBWB1 0 8itt*U 

* 0 0 15] *IC. j*OM 1 1 6 l^VL\ 1\ , 0 

Willi 6<D±K. «*tf7*S*J:0ft**-£ 
-3- Mil 1 7*#«U ^roSS5¥Sfl:bT. 

wife H*u&^«iffl^f 
MJA (Trim) «Wfc*tfn*. u<Oh0/,MUn 50 



[OO161019H ^©JziCUTttftSnfc* 

A'-n- M117 SfcKLT^*. 0 1 9 KlTpbfcJ: 
5K , iWlilHB. xT^TU>y@12 0^ 
KB«StX***»»ll 6afc ' =K'H 12. 11 

4»i#fl**tfc«fcsiitsn*3-*»# 1 1 J 
3-^«»i 1 e b«c**t*a*a»i i 

6 a «©-«* m** 1 1 6 a * B «? < !i£zr 

xt^t 'J >f « 1 2 o twm^nvrm^ s 
*jrr*iMW©x7^7 -J >*ia«©*««>««** 
#©<© (kt. > ****T*t*:. * 

[o o i 9] fcc^-c. .taMMM***"*'**** 1 ' 

Tl*. Mitf. ^¥7 - 2 6 2 5 1 9 

»> *««-*. *^ ftC^bfeWW*^ 14 

[0 0 2 0] X^^«t«»»»« 
ft, WtfT-lO^J:^**- 

[ 0 0 2 1] j^^^*p>*-^ ^ 
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7 

x -r^y/7Xgg±T, 8 — 1 0 /zmJ^iiCDjp^<D&£:7 
[0 0 2 2] l^t>, :7* MJ V^^cOg^t;:, 10 

[0 0 2 3] CCDi^C, SE*tt. «a«*^^^^p 

*>. flBWW»»c»«T*«tK»c. »«<»:< 3 — ^«5H& 
[Q 0 2 41MH 5— 1 0 GB/ « 2 ©Bf 

y^«**0. 7—1. 0 um (»iah77^li^ 
0. 8-1. 2 Mm) £tr>3±'5fctt«*«R#Sn*. 

0. 7-1. 0/im (iMIh7 7^S^0. 8- 

1. 2 Mm) fcascfc^tdSflB-rscit^fflai-T?*^ 

[0 0 2 5] Sfc, ffi*tt, 01 9\Z7F;lsitJ:o\z* ± 30 
SHBMl 1 6(0«S»»1 1 6 a£3-^gB#l 1 6 

t§»»*» XD — H/W hifPfeBTHO eto^x-r 
^^XS5«UciBBLT^&. Ctltt. x-r^^^xgp 
cD»ffi±Jctt, *S(£>/2:^3 — ^gfrfrl 1 6 b£MmirZ> 

«fc0t>*#^B<Z)3— ^Bf»l 16b^Mt^«t, ± 

ss^asi i 6 x-r^. y /7xgpa)ffi^ccoss 

T> tUC. 3-^SB^l 1 6 bfc*tt£>J!£M§**S, It 40 

T±SHBilll6«:»tft5»^ <KD<fc v 

^Og^tc, x<^^^x«BcD^H^6cDS»3t^J: 

oT, x-f ^^irxSB<Z>«7C©ffiBT. lElS&^a-M' 

>>X K/^^->Sr1#SC14:^#a:l^eT*5o 

tt, x<^^/7xap<7)ffi7cco^B^XD— h/w hifa 

fi:BTH0T*5fc6, XD- N/W hifafiBTHO 

T. ±g&««»l 1 6 (D%g&?£JZ&it£V:Z> Z. £&T'^ 50 



8 

fc^tfr^ClfclCfc:*. «@BB#1 1 6 a(75«SiE«ltz: 
MWT#S(7)tt, XD-WW HfDfilTHOcfcO 

fe, xy^yij >^ii 2 offlKi — 2 Mm^±5fecofe 

[0 0 2 6] ^(Dtztb. XP-h/Wh^K 

— ^*fi*a«#TS«^a)i|*tt"C*S^-— /X— ^< 
tt^* #JI«h7>>?>'3 >S/^ h (NLTS) ^\ flg 
&<DlL*> ±ffi 0 G> WMH «r«-T 77^^X7<X^At 
Wtens»€rii*.«Ptt ^ «fc ^ 5 raa^* 

[0 0 2 7] ±S&®ajf 116 (OttSSS 

»116 ata- Pffiftl 1 6 b <fc<Z>#IMB«£* XP 
- h/Vf Mf PfilTH 0 <fc 0 fex-f & XBWBMcE 
fiT^^T. XP-hM hifn&BTHO<Djttflrtf, 
-taWMBJll 1 6tLT+»S:ff«3&«#SnT. XP- 
h/vf hifP&BTHOcoifi^Tr^^fiafPLTU^ 

8 n m<Dmm (MM b^y PWfi 1 . 0 u 

m) TfcL A— ^-f M#tt&*-r«^l 5-2 Od 

-A-7< h^tttim 2 5-3 5dBgg«g 
[0 0 2 8] «*0)»IR««A,y HTH XP- 

fttt. ^co^^ hi^s?x KJi3&*J!S«yi<oBSJC»3BUfc 
>y-T^>^, XD-h/WhS»»W57tM^yX 

&izn*im&<D'\y pm^tz-o^T* xn-h/whs 

2-0. 5 um$>m*£-t~Z>» 

[0 0 2 9] -t<Ofc«K +I-7^^D>^--^ 
TXT^TU>^ffi<OW«»PI*^-5IRtC, VyH*f 
[0 0 3 0] &*3, 8-8 7 7 1 7 4 ^Sgl;: 



6 V-v 



&ftfi£xa- h A-f h-tfa&«^e l 0 /imEUJl/ 
±fl*0©ttfflflEfc#* h * 

[0 0 3 1] *%wm^z>nm&K&%-xt3i$nrzb 

fe fl««©IE«&lli«'fc. +^*-A*-7-1' h#1* 
[0 0 3 2] 

2<D«S14Si:. £©m*.fctf*2©aS*©MK«* 



T. JBl©«tt)itt. *1 ©«**»■£. c©mi 
f** 2 ©«*»# -©* 2 ©li»»Ci»t«K 

fcffliSJSrifrSlMM***- » 2 ©***#«* 2© 

tt 2^©»»©«**^«*** v> - 2^©»#©« 

fc#©»^**fc*<frr*»^ K:;6vvC ' *■©*«:* 

.-, 

[0 0 3 3] *5BW©*ifi»»^y F©RJfi*ft»' * 

n£ £<D*ifc«fct862©««:ii©iHK»* s *' lfctt 

s«»iB*»)«-rsJBi©xat. *i ©*«»#** 
tfm*m<a±.K. *r-,:fli*»i*-r**2©x8d:. 



10 

R3<W)±k:. »2©«ttli*»»S"*'** 4<D:i:s ^ 

jB2©3-^»»-t***. *4©XgT?tt.. *2©« 
«»#fcS62©3-**#fc©****** mi 

e tciasT £ *> © * * • 

10 [0 0 3 4] ^RWWWWSSt^y H 

ifeirrse**^** 2 ©«««#£. *2©«*«a- 

*Dfc**VMl£*T**2©3-*»#fc©**** 

[0 0 3 5] ^H©****^ H'Sfctt*© 

HStfHrm. «*tf. SS2©3-*«#©*2©** 

[0 0 3 6] *fc. *5E«©»BBBEa^'y F*fctt*© 
g»(J; «*.«. * 2 ©««*#£* 2 ©3-* 

M«-fc3tl6:-rs&:«-teEBT&. 
[0 0 3 71 ^feWtoSMSS^A^ KSfctt^-© 

»jg75ftT-«, * 1 ©*«*#£» 1 ©3-f 

30 [0038] ^%m<nnmm%^y »**&»«■© 

*2©**»»fc*2©3-^ 

[0 0 3 9] *fSW©»iBBa^y Ffcfctt*© 

2©3-^»»fc©MCB«Utfe«fc^U. 
£fg 1 © 3 <t©F-li fc*^ * 7« 1 31 2 © 3 - ? 
»ft-t©nBK»»UTB11UT'b«tV». 
[0 0 4 0] *fc. *«iH©»iB»a^->' F©8i£*& 
■Ctt. »l©X8Ttt. «1 ©««■*»* ^ 

[0 0 4 1] 

til S b T8¥M KUi^t" S . 
[*»«©* l©**©»*3 Biftt^HSS 
#agbT. *3fiW©fBl©**©**C«*»K«a^ 
v H©«Jfi*»tUT©*^9HI«l»a^f H©Bifi* 

(a) 14X7^70 >^fflCti&KS*^^- (b) 
50 tt««»»©XT^T'J >^EK¥ffft»f®£*bT^ 
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[0 0 4 2] *HJfifl!>»»C«*«ffi;frtt-T?tt. if, 
01 fcSL&cfcSK, ^tf7JI/f>fy^ (AI2O3 
•TiC) <fcO&*»«l<!!>_LK:. ^Jx.«T;U^^- (A 
I2O3) cfc9&£g&@Uf 2 ^J5 ^m(Z)iP^T'mS 

p-fiDJtiB^y FflcoT8^Ki3fc 3$3 

4-6 um&mWZMWlXs* W^tfCMP Mb^««W 

[0 0 4 3]»I, H 2 tC^bTc «t -5 *C, TSBv—^K 
£7 0-1 0 0nm©fW:^7^««U *fi;»Jf£ 

*(C r £(E>MRBiCQ_htC. MR^f S^Mt^fil 

T> MR|f5W«o 6^.MR*f5lt GM 
Riftfej;^l, AMRSftfccfc^. ^CtC, TSPv- 

>m^tLt, m-r*^p 5^*a«j«csttsns— 30 

8^ 7yK4*J;fltMR*f 5 ©±l:, ffijR 
HtLT©±aK>^-;UK^^y^'K7*. 7 0-100 

4, 7rtt:aHrr-5. friz. ±9'>-;^^vy^l7 

M^\zm^^n^±^>-)ibmmr^mmm («t, 

T»««»<fce-r. ) tf)3-^SB5>8£. fil. 0- 
1. 5/im<DJP^T; SKWKJglS-r*. 
[0 0 4 4] frlZ. m3\Z7jklsfz£olZ. 3-^g55>8 40 

(D±\,z. mttttrnz**)* T^mmm 0>«aas#i 8 a 

t» BBM©t»©lttll8b*, 2. 0-2. 5 
/im<W**"C, SSffigB#18te, x 

T^TU>^HtttS»ffl|(7)jigffi(©fi:H*<, MRif 5 

* «t 5 \zm8itz>« mm»& i 8 a ^Bttii lsbit 

N i F e (N i : 8 0 11%, F e : 2 0 1S%) *\ 
|gfiSftlfi8*^S«^T*^N i Fe (N i : 4 511 
%, Fe: 5 511%) <0»»&ffl^ fi6^#fe(CJ:-D 
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N, FeZrNWfigfflK XA7^l:J;oTK 

oFe, ComT^iJ^yTTsttm^m^Th^o 
[0 0 4 5] friz, ±mz. «AtfT;P5^ct0a:SI6 

z> 0 *mm<D&mT*te. mrnm^ 1 8 a ^ibim 1 1 1 

<Dm^M^(DiSLSffi. XP— h/W h-tfDfeBTH 0 «k. 

[0 0 4 6] ^fC. 04(C^b^J:^(C, I6gi 1 1. 
affiSBiM 8 a:fccfc^ttgl 8 b<D±{z. 
D&SBBft^* 0. 2 — 0. 3/im£DH^ 

t?»«ts, nz&**y7m9\z&m-tz>mm%fnhis 

[0 0 4 7] ^tC. ffi&^£<£>*tk>{C, fi&ffill 8 b<D 

[0 04 8] ^:tc. tt&ji i i co ±<o ss ft iz&^t. ja 

lOfln<iH2^, 1. 5 — 2 . 0 MmOD/p^CJg 

[0 0 4 9] :*fc. S5(^L^J;3tC. SEfi^r ^ :/ 
S943cfctX-r< ;H 2(7)±(C, 7*H/^XM13 

SI 3<7)Jt£¥S{fcT3*:a£>l^ «>L«2 5 0° C<7)^ 

S2II<0fR3-f;H4*, Mtfl. 5 — 2. On 
n\<Dmwzm&~rZ><> fr\Z. 7*hl/>?X H13*J; 
^a-fjH4(D±^, 7^hI/yXMl5^ Bf^<Z) 
rt* — >\Ztem?Z>. fr^Z, 7* hl^X FJB 1 5 0)± 
S^aft-TSfcAfC. MIJ2.5 0 0 CCOfifiTTfjKWfflJi 

[oo5o]*tc, S6(c^b^j:3(^ lae^^^y 

19. 7^hl/yXhil3, 1 5<D±\Z. IBS^-y F 

4 /zm(0ff *(Z»*£"r*. 16lt 3 > 

9£*LTBttil 8 btftftHL, figg 
WtC^LT^^o ±SS««»1.6tt, NiFe (N 

i : 8 011%, Fe : 2 011%) -*\ Mmfum^ 
mtnT*$>Z>N i F e (N i : 4 511%, F e : 5 5 
lfi%) (Dtm&m^ ^otffi^oTMLTfecfc 
^iL. iSfift«*»aE«WT*SFeN, FeZrN? 

ffitd^, iSfilP«*a&flEt}»T*-5CoF e, Co^7 
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[0 0 5 1] W:. ±w*«ii6*-7X*fci/r, H 

tf BCh, Cli. CF 4 , SH S #©^*ffl^ 

«ffl«««»18a*aiRWK:«0. 3-0. 6 nmg 
Sl-yf>!?Lt. 06 (b) K*bfc±5fcHJA*l 

[0 0 5 2] #gaB©»irctt. TOTffi® (8, 18 
f|16«l. j^WC***** 2 ©««■!=**#*"*• 

[00 53] am, ±.m<D&?izu'cMfeznrz*n 

[0 0 5 4] H'7:feJ:tfH8K:SUfc«fc'5C. 

jii6»4. xr^TU>yBizo«fc:E«sn*K«» 

#16 at. 3-fjH2, l 4tC^(6]i"^>€ifif-E^3 

©«»:. EfthyyfiSRtt*' 3-^»»16b 
©gll. li«»16affl«J:0fe**<^^ s ' 
3-*g&# 1 6 b«C*tt***«# 1 6 a<Htf>-gStt. 

-So 
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PROBLEM TO BE SOLVED: To make it possible to correctly 
control the magnetic pole width, to obtain satisfactory 
overwriting characteristics, and to make correctly controllable 
the throat height even in the case of reducing the magnetic pole 
width. 

SOLUTION: A magnetic pole part 18a and an insulated layer 1 1 
of a lower magnetic pole layer are formed on a yoke part 8 of the 
lower magnetic layer. The throat height is decided by a boundary 
between the magnetic pole part 18a and the insulated layer 1 1. 
Also, a flat surface is formed on the side of a recording gap layer 
9 with the magnetic pole part 18a and the insulated layer 1 1. A 
magnetic pole part 1 6a having a depth deciding a recording track 
width and a yoke part 1 6b which is magnetically connected to 
the magnetic pole part 1 6a and has a larger width than that of 
the magnetic pole part 16a are included in an upper magnetic 
pole layer 1 6. A boundary between the magnetic pole part 1 6a 
and the yoke part 1 6b is arranged on the flat recording gap layer 
9. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st and 2nd magnetic layers which consist of at least one layer including two magnetic pole 
portions which the part of the side which is connected magnetically and counters a record medium counters 
through a gap layer, respectively The induction-type MAG sensing element for writing which has the thin film 
coil arranged in the state where it insulated between these the 1 st and 2nd magnetic layers It is the thin film 
magnetic head equipped with the above, the 1st magnetic layer of the above The 1st magnetic pole portion 
and the 1st yoke portion magnetically connected with this 1st magnetic pole portion are included, the 2nd 
magnetic layer of the above It connects with the 2nd magnetic pole portion which has the width of face 
which determines recording track width of face, and this 2nd magnetic pole portion magnetically. While 
determining throat height in contact with the magnetic pole portion of the above 1st further including the 
2nd yoke portion which has larger width of face than the 2nd magnetic pole portion It has the insulating layer 
which forms a flat field in a gap layer side, and the border area of the magnetic pole portion of the above 2nd 
and the 2nd yoke portion is characterized by being arranged in the position which counters the flat field 
formed of the magnetic pole portion and the aforementioned insulating layer of the above 1st. 
[Claim 2] The edge by the side of the 2nd [ of the yoke portion of the above 2nd ] magnetic pole portion is 
the thin film magnetic head according to claim 1 characterized by having made the predetermined angle and 
having spread to the crosswise outside to the edge of the 2nd magnetic pole portion. 
[Claim 3] The aforementioned predetermined angle is the thin film magnetic head according to claim 2 
characterized by being 90 degrees substantially. 

[Claim 4] The border area of the magnetic pole portion of the above 2nd and the 2nd yoke portion is the thin 

film magnetic head according to claim 1 to 3 characterized by being arranged in the position corresponding to 

the border area of the magnetic pole portion of the above 1st, and the aforementioned insulating layer. 

[Claim 5] The magnetic pole portion of the above 1st and the 1st yoke portion are the thin film magnetic 

head according to claim 1 to 4 characterized by the bird clapper from a separate layer. 

[Claim 6] The magnetic pole portion of the above 2nd and the 2nd yoke portion are thl thin film magnetic 

head according to claim 1 to 5 characterized by the bird clapper from one layer. 

[Claim 7] The aforementioned thin film coil is the thin film magnetic head according to claim 1 to 6 

characterized by being arranged between the aforementioned gap layer and the yoke portion of the above 

2nd. 

[Claim 8] The aforementioned thin film coil is the thin film magnetic head according to claim 1 to 6 
characterized by being divided and arranged between between the aforementioned gap layer and the yoke 
portions of the above 1 st, the aforementioned gap layer, and the yoke portion of the above 2nd. 
[Claim 9] The 1 st and 2nd magnetic layers which consist of at least one layer including two magnetic pole 
portions which the part of the side which is connected magnetically and counters a record medium counters 
through a gap layer, respectively The induction-type MAG sensing element for writing which has the thin film 
coil arranged in the state where it insulated between these the 1st and 2nd magnetic layers While being the 
manufacture method of the thin film magnetic head equipped with the above and forming the 1 st magnetic 
layer containing the 1st magnetic pole portion and the 1st yoke portion magnetically connected with this 1st 
magnetic pole portion The 1st process which forms the insulating layer which forms a flat field in a gap layer 
side while determining throat height in contact with the magnetic pole portion of the above 1st The 2nd 
process which forms a gap layer on the magnetic pole portion of the above 1st, and the aforementioned 
insulating layer. The 3rd process which forms a thin film coil so that at least a part may be arranged on the 
aforementioned gap layer, The 4th process which forms the 2nd magnetic layer on the aforementioned gap 
layer and a thin film coil is included, the 2nd magnetic layer of the above It connects with the 2nd magnetic 
pole portion which has the width of face which determines recording track width of face, and this 2nd 
magnetic pole portion magnetically. At the 4th process of the above, it is characterized by arranging the 
border area of the magnetic pole portion of the above 2nd, and the 2nd yoke portion in the position which 
counters the flat field formed of the magnetic pole portion and the aforementioned insulating layer of the 
above 1st including the 2nd yoke portion which has larger width of face than the 2nd magnetic pole portion. 
[Claim 10] The manufacture method of the thin film magnetic head according to claim 9 characterized by 
forming the 2nd magnetic layer so that the edge by the side of the 2nd [ of the yoke portion of the above 
2nd J magnetic pole portion may make a predetermined angle and may spread to a crosswise outside to the 
edge of the 2nd magnetic pole portion at the 4th process of the above. 

[Claim 1 1] The manufacture method of the thin film magnetic head according to claim 10 characterized by 
making the aforementioned predetermined angle into 90 degrees substantially. 

[Claim 12] The manufacture method of the thin film magnetic head according to claim 9 to 1 1 characterized 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the thin film magnetic head which 
writes in at least and has the induction-type MAG sensing element of business, and its manufacture method. 

[0002] 

[Description of the Prior Art] In recent years, the improvement in a performance of the thin film magnetic 
head is called for with improvement in the field recording density of a hard disk drive unit. The compound-die 
thin film magnetic head of the structure which carried out the laminating of the reproducing head which 
reads as the thin film magnetic head with the recording head which has an induction-type MAG sensing 
element for writing, and has the magnetic-reluctance (it is hereafter described as MR (Magneto Resistive).) 
element of business is used widely. There are an AMR element using the anisotropy magnetic-reluctance (it 
is hereafter described as AMR (Anisotropic Magneto Resistive).) effect as a MR element and a GMR element 
using the huge magnetic-reluctance (it is hereafter described as GMR (Giant Magneto Resistive).) effect. It 
is only called an MR head and the AMR head or the reproducing head using the GMR element is called GMR 
head for the reproducing head using the AMR element. For the AMR head, field recording density is 1 gigabit 
/ (inch) 2. It is used as the reproducing head which exceeds and, for a GMR head, field recording density is 3 
gigabit / (inch) 2. It is used as the reproducing head which exceeds. 

[0003] There are a method of changing MR film into the material or structure which was excellent in 
magnetic-reluctance sensitivity, such as the AMR film to a GMR film, as a method of raising the performance 
of the reproducing head, the method of optimizing MR height of MR film, etc. This MR height says the length 
(height) from the edge by the side of the pneumatic bearing side of MR element to the edge of an opposite 
side, and it is controlled by the amount of polishes in the case of processing of a pneumatic bearing side. In 
addition, the pneumatic bearing sides said here are the magnetic-recording medium of the thin film magnetic 
head, and a field which counters, and are also called truck side. 

[0004] On the other hand, the improvement in a performance of a recording head is also called for with the 
improvement in a performance of the reproducing head. There is throat height (Throat HeightTH) as a factor 
which determines the performance of a recording head. Throat height says the length (height) from the edge 
by the side of a pneumatic bearing side of the portion which two magnetic pole layers counter through a 
record gap layer to the edge of an opposite side. Reduction-ization of throat height is desired for the 
improvement in a performance of a recording head. This throat height is also controlled by the amount of 
polishes in the case of processing of a pneumatic bearing side. 

[0005] In order to raise recording density among the performances of a recording head, it is necessary to 
raise the track density in a magnetic-recording medium. It is necessary to realize the recording head of the 
** truck structure which narrowed width of face in the pneumatic bearing side of the lower magnetic pole 
formed in the upper and lower sides on both sides of the record gap layer, and an up magnetic pole from 
several microns to submicron order, and for that, in order to attain this, semiconductor processing 
technology is used. 

[0006] Here, with reference to drawing 13 or drawing 18 , an example of the manufacture method of the 
compound-die thin film magnetic head is explained as an example of the manufacture method of the 
conventional thin film magnetic head. In addition, in drawing 13 or drawing 18 , (a) shows a cross section 
perpendicular to a pneumatic bearing side, and (b) shows the cross section parallel to the pneumatic bearing 
side of a magnetic pole portion. 

[0007] By this manufacture method, first, as shown in drawing 1 3 , the insulating layer 102 which consists of 
an alumina (aluminum 203) is deposited by the thickness of about about 5 micrometers on the substrate 101 
which consists of ARUTIKKU (aluminum 203 and TiC). Next, the lower shield layer 103 for the reproducing 
heads which consists of a magnetic material is formed on an insulating layer 102 at the thickness of 2-3 
micrometers. 

[0008] Next, as shown in drawing 14 , on the lower shield layer 1 03, the spatter deposition of the alumina is 
carried out at the thickness of 70-1 OOnm, and the lower shield gap film 104 as an insulating layer is formed. 
Next, MR film for forming the MR element 105 for reproduction on the lower shield gap film 104 is formed in 
the thickness of dozens of nm. Next, a photoresist pattern is alternatively formed in the position which 
should form the MR element 105 on this MR film. At this time, the configuration which can perform a lift off 
easily, for example, a cross-section configuration, forms a T type photoresist pattern. Next, MR film is 
**********ed b y j on milling by using a photoresist pattern as a mask, for example, the MR element 105 is 
formed. In addition, a GMR element is sufficient as the MR element 105, and the AMR element is sufficient 
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gap film 104,107. . ( , n .. , hie | d eaD fi | m 107, it consists of a magnetic material and 

[0010] Next, as shown in gVav*n_J5 , on the up ^eld gap t. m ' • desC ribed as a lower magnetic pole 
the lower [ an up shield laye^cum-] magneto P°'f n X a d a ^ a recording head is formed at the thickness of 
layer.) 108 used to the both sides ^^^^^J^J^^ of an insulator layer, for example, an 
about 3-3.5 micrometers. Next, the record gap layer V us wn .cn f q 2-0.3 micrometers, 

alumina film, is formed on the lower magnetic ^°[^h format^rie record gap layer 109 is 
[001 1] Next, as shown ,n dpwjn£j6 for ma ^et.c path t orma t.o , 1 10 which determines 

=ta P !o^ Photoresist layer 1 10 and a coi, 

{ I! SJT SfSK? £5-^ "* ^ ^ ^ 

115 top, it heat-treats at the temperature ^^f^f^f^ed by the coil 112,114 and the photoresist 
[0013] Here, the portion which rose in the shape i of L ™'J e °??e inclination by the side of the pneumatic 
layer 1 10,1 13,1 15] a mountain ""^V"*"^ GenlX an apex angle is 45 degrees - about 55 
b df^— n 7!Z^^SZ^^~ "-n-o PCe -ayer on the apex section. 

[0014] Next as shown in <~M^^ 

the magnetic material for recording heads f °'°* a ^'™f s *?™ A j 3>1 15 _t the thickness of about 0.5-1.0 

Sc N ro» P ° ,e '"^ COntaCt6d *" '° Wer 

[OoT 5 f^^^ 

record gap layer 109 and lower magnetic pok flayer « - ^^™£ e ^ fc * e is carried out andthe pad^ 
alumina is formed on the up magnet.c pole layer 116, ^tternng or tne pneumatic bearing side 

for electrodes which is not illustrated .s formed ' '^magnetic head is completed. As 

of a recording head and the reproducing head is f orrned ™* ™J ™ a „ s of the up magnetic pole layer 

shown in drawin R 18 (b), the structure ^ere sorne each^d^ f<jrmed ^ 

1 16, the record gap layer 109. and ^J™*^ AccoX to ^s Vim structure, the increase in the 

rsrrr 0 ?^ *« — d at the time of the wrrtinB of 

f 0 *016T£^"a d n of the *in laye^T ' 

the overcoat layer 117 is omitted in ^^J^.^\^^^TA side and yoke partial 116b 
has magnetic pole partial 1 6 a arranged ^f^X^eS efface of magnetic pole partial 1 1 6a 
arranged in the position which counters a corf )™"-™™™ magnetic pole partial 1 1 6a in yoke partial 

luetic po!e layer 108 expresses the portion ,nto »h,oh rt ^«7= y „,„ side rf ^ Bering 

expresses with a sign TH0. 

&(s) to be Solved by the Invention] In 

is required that recording track w.dth ^^^^^^S^on^r or width of face not more 

of a magnetic pole portion, should be made ^all. for examp e ,t udm.c ^ ^ j. former 

rag^tole IL^S^ -k^ion as technology for realising such narrow 

Kfey^ 

galvanizing method ,s used for e |«^^ n r ^^g^^ permalloy is first formed by sputtering on 
method, on the whole the thin electrode ' layerwhich £ a moU ntain. Next, on it. a photores.st .s 

the apex section which is the coil P°^^*^KJrlphy process, and the frame for plating (outer 
^.tn^TS £££££ fa^~y^ method by using as a seed layer 

K of elevation 7-10 micrometers or more in the apex section and other 
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portions, for example. On this apex section, a photoresist is applied by the thickness of 3-4 micrometers. 
Supposing the thickness of the photoresist on the apex section is at least 3-micrometer or more need, since 
the photoresist with a fluidity gathers for the method of a low, in the lower part of the apex section, a 
photoresist film with a thickness of 8-10 micrometers or more will be formed, for example. 
[0021] In order to realize recording track width of face of submicron order as mentioned above, it is 
necessary to form the frame pattern of the width of face of submicron order with a photoresist film. When 
dividing and forming an up magnetic pole layer in a magnetic pole portion and a yoke portion and recording 
track width of face becomes submicron order, it is necessary to form not only a magnetic pole portion but a 
yoke portion by submicron order. Therefore, you have to form the detailed pattern of submicron order on the 
apex section with a photoresist film with the thickness of 8-10 micrometers or more. However, it was very 
difficult on the manufacturing process to form the photoresist pattern of such thick thickness by ** pattern 
width of face. 

[0022] And at the time of exposure of a photolithography, the light for exposure reflects by the ground 
electrode layer as a seed layer, a photoresist exposes, collapse of a photoresist pattern etc. arises and a 
sharp and exact photoresist pattern is no longer obtained by this reflected light. 

[0023] Thus, when magnetic pole width of face became submicron order conventionally, there was a trouble 
that it became difficult to form an up magnetic layer with a sufficient precision. Moreover, even when an up 
magnetic pole layer was divided and formed in a magnetic pole portion and a yoke portion, there was a 
trouble that it became difficult to form a yoke portion in the position corresponding to a magnetic pole 
portion with a sufficient precision. 

[0024] For example, 5~10GB/(inch)2 From the thin film magnetic head which has high field recording density, 
throat height is 0.6-0.9 micrometers, and specification which recording track width of face calls 0.7-1.0 
micrometers (effective magnetic-track width of face is 0.8-1.2 micrometers) is required. However, it was 
difficult to control magnetic pole width of face by the conventional technology for an above-mentioned 
reason to be set to 0.7-1.0 micrometers (for effective magnetic-track width of face to be 0.8-1.2 
micrometers). 

[0025] Moreover, as conventionally shown in drawing 1 9 , the portion from which the border area of magnetic 
pole partial 1 1 6a of the up magnetic pole layer 1 1 6 and yoke partial 1 1 6b, i.e., the width of face of the up 
magnetic pole layer 1 1 6, changes was arranged to the apex section side rather than the throat height zero 
position TH0. This is because it is difficult to form latus yoke partial 11 6b of width of face on the slant face 
of the apex section. Hereafter, the reason is explained. If yoke partial 1 1 6b of larger width of face than 
recording track width of face is formed on the slant face of the apex section, you have to change suddenly 
the width of face of the up magnetic pole layer 1 16 from the latus width of face in yoke partial 1 16b to the 
same width of face as the recording track width of face of submicron order in the position of the root of the 
apex section. However, when forming the up magnetic pole layer 116 using a photolithography, it was 
impossible to have changed width of face in this way. That is because it is the position of the root of the 
apex section and an exact photoresist pattern cannot be obtained by the reflected light from the slant face 
of the apex section at the time of exposure of a photolithography. Since the position of the root of the apex 
section is the throat height zero position TH0 conventionally, it is the throat height zero position TH0, and it 
will be said that width of face of the up magnetic pole layer 116 cannot be changed suddenly. It is from the 
throat height zero position TH0 that the width of face of magnetic pole partial 1 1 6a is correctly controllable 
from the position of 1 -2-micrometer or more beyond in the pneumatic bearing side 120 side. 
[0026] Therefore, throat height became long conventionally and there was a trouble that the write-in 
property called flux rise time which expresses the time of the over-writing property which is a property in 
the case of carrying out overwrite of the data, a nonlinear transition shift (NLTS), and the standup of a 
magnetic field with the upper shell pan already written in on the record medium was not improvable. 
[0027] Moreover, conventionally, since the border area of magnetic pole partial 1 16a of the up magnetic pole 
layer 116 and yoke partial 1 16b is arranged to an apex section side rather than the throat height zero 
position TH0 Near the throat height zero position TH0, volume sufficient as an up magnetic pole layer 1 1 6 
was not obtained, but magnetic flux was saturated near the throat height zero position TH0, and the 
phenomenon in which it became impossible for magnetic flux to fully reach to the nose of cam of a magnetic 
pole portion had occurred. As a result (the effective width of recording track is 1 .0 micrometers), for 
example, recording track width of face of 0.8 micrometers, the value which shows an over-writing property 
turned into about 15-20dB and a low value, and there was a trouble that sufficient over-writing property was 
not securable. In addition, as an over-writing property, about 25-35dB is required. 

[0028] Moreover, in the conventional thin film magnetic head, although the photoresist layer surrounding a 
coil has determined throat height, in two or more head elements formed in a wafer with this same photoresist 
layer, the pattern array is not made correctly and uniformly. Since it will ********** together to the 
photoresist layer which has determined throat height in case it expands in case this photoresist layer is heat 
treatment, or the seed layer of a coil is ********** e d by ion milling, the greatest reason is because it was 
difficult to arrange the position of the edge of the photoresist layer which determines throat height about 
two or more head elements arranged by the single tier. The alignment error of the pattern between two or 
more head elements arranged by the single tier is generated no less than 0.2-0.5 micrometers, when many. 
[0029] Therefore, when the throat height of submicron order was required and polish processing of a 
pneumatic bearing side was conventionally performed to the bar with which it was started from the wafer and 
two or more head elements were arranged by the single tier, there was a trouble that many yield loss 
occurred by the heterogeneity of the throat height between head elements. 

[0030] In addition, it arranges in the position which turned the nose of cam of an insulating layer in which a 
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coi. is formed to the back gap (portion which ^^1^ 

it from the throat height zero posit.cn at least 3 ^^^X^wore of starting positions of a coil 
track, or the thin film magnetic head which separated ' ^^rometers ^ m 7m A However , wlt h 

from the throat height zero position and has arranged themjs ^^^^g^, of record magne tic field 
such structure, magnetic-path length ^nnot become lona jnd ™™ r chronoc|jne of a sta ndup can be 
sufficient when the frequency ofre^ 

obtained, but there .s a troubte that the lW«Jfof the th .nr. g ^ ^ fi|m magnet , c head 

[0031] this invention was .made in view £ J^^JSK'S.athod while making rt possible exact 

: Q h ntu?r^ °— writing property - when magnet,c p 



width of face is made small. 



& for Solving the Problem] The 1 st and 2nd ma^^ 

including two magnetic pole portions °° unters throUgn 3 g3P * 

invention is connected magnetically, and counters s ^ecora meo MAG sensing element for 

respectively, It is the thin film magnefc ^^^^J^SZi between these the 1st and 2nd 
writing which has the thin film coil arranged m J™J ^'riion and tne 1st yoke portion magnetically 

magnetic layers, the 1st magnetic la f r T^^^^Sed l^e 2nd magnetic layer It connects with the 2nd 
connected with this 1st rnagnebc .pole porbon are included wezn J k width of face , and th.s 

magnetic pole portion which has th ie width ' J^J^J* d SroTt height in contact with the 1 st magneto pole 
2nd magnetic pole portion magnetically. While determ '"'"f xn r ^ d Wldth Q f face than the 2nd magnetic pole 
portion further including the 2nd yoke portion which has larger width of face t ^ ^ ^ ^ 

portion It has the inflating layer which forms a flat fiel m a > gap *J * ^ counters ^ flat fie|d , 
magnetic pole portion and the 2nd yoke portion is ^arranged ir i tne i ? application, a border area 

formed of the 1 st magnetic pole portion a "d '"sulat^ amount of breadth is 

means the field which shows the boundary o two ^^£^^bou^ of two portions, or not only 
also included like [when changing from one A the „£jSde ^Zl\\ v in case the changing field is shown ]. 
a cross section but / portion to the portion of another side > ffaduan* n ^ m c p<j|e 

[0033] The 1st and 2nd magnetic layers ^ t ^g^^S«aSSL thin film magnetic head of this 
portions which the part of ^J^^^^' ^um counters through a gap layer, 
invention is connected magnetically, and counters a ^^ a ^ ic head equippe d with the induction-type 
respectively. It is the manufacture method of ^ d . ^ state where it insulated between 

MAG sensing element for writing which ha the ^' n J^^° ol ^oXn While forming the 1st magnetic layer 
these the 1st and 2nd magnetic layers The 1 st , magnet. ^Pp'^P^^y tic po | e portion The 1st process 
containing the 1 st yoke portion magnet^y "J"?** gap layered? while determining throat height in 
which forms the insulating layer which forms_a flat field hn ^a gap a ye; ^ ^ magnetic 

contact with the 1 st magnetic pole Xch loSs a KTfflmSl so that at least a part may 

pole portion and an insulating layer .The 3rd P r ^5™ s J/^ d magne tic layer on a gap layer and a thin 
be arranged on a gap layer. The ^ Process *JichJ^ jon whjcn nas ^ 

film coil is included, the 2nd magnetic layer ft ^connects ^^^^,3 Ignetic pole portion 
width of face which determ.nes ^^^^^^S' t ^Z pole portion and the 2nd yoke portion, 
magnetically. At the 4th process, the border area « a VLZ offa ^ e than the 2nd magnetic pole portion 
is arranged includingthe 2nd yoke P 0 ?' 0 "^^ portion and insulating layer, 

in the position which counters the flat m2S3ofS« -invention, while throat height is^ 
[0034] By the thin film magnetic head or its ™™™™*™?™°° f a magne tic layer, a flat field is formed in a 
determined by the 1st magnetic P?^ 0 *™™*™" 'ffin^g^IKe Portion which has the width of 
gap layer side of them. [ ^l M t ^ k ^^J^^^SS^S^ ^ has larger width efface 

as ssssss — the flat f,e,d formed of the 1 st 

5o«M 

predetermined angle and it » made ^^^^ invention. As for a 

E0036] Moreover, by the thin fHm P° sition corresponding to the 

iA^^S^SSSt ^B¥k^^^^^ — . the 1st 

KwT^ 

gap layer, and the 2nd yoke portion, it W^^t^™^^^ of this invention, at the 1 st 
[0040] Moreover, by the manufacture method ^^e thm film magn f£™* flattening processing of the 

u ;°p C e e r S ^c e e r ^ST^Xr ^£^£Z~r« out after tha, for example. 
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[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained in detail with 
reference to a drawing. 

[the gestalt of operation of the 1 st of this invention] — with reference to drawing 1 or drawing 8 , the 
manufacture method of the compound-die thin film magnetic head as the manufacture method of the thin 
film magnetic head concerning the gestalt of operation of the 1st of this invention is explained first In 
addition, in drawing 1 or drawing 6 , (a) shows a cross section perpendicular to a pneumatic bearing side, and 
(b) shows the cross section parallel to the pneumatic bearing side of a magnetic pole portion. 
[0042] By the manufacture method concerning the gestalt of this operation, first, as shown in drawing 1 , the 
insulating layer 2 which consists of an alumina (aluminum 203) is deposited by the thickness of about 5 
micrometers on the substrate 1 which consists of ARUTIKKU (aluminum 203 and TiC). Next, the lower shield 
layer 3 for the reproducing heads which consists of a magnetic material, for example, a permalloy, is formed 
on an insulating layer 2 at the thickness of about 3 micrometers. The lower shield layer 3 uses for example, a 
photoresist film as a mask, and forms it alternatively on an insulating layer 2 by the galvanizing method. Next, 
although not illustrated, the insulating layer which consists of an alumina is ground to the whole until it forms 
in the thickness of 4-6 micrometers, for example, the lower shield layer 3 is exposed with CMP (chemical 
machinery polish), and flattening of the front face is carried out to it 

[0043] Next as shown in drawing 2 , on the lower shield layer 3, the spatter deposition of an alumina or the 
CHITSU-ized aluminum is carried out at the thickness of 70-1 OOnm, and the lower shield gap film 4 as an 
insulating layer is formed. Next MR film for forming the MR element 5 for reproduction on the lower shield 
gap film 4 is formed in the thickness of dozens of nm. Next a photoresist pattern is alternatively formed in 
the position which should form the MR element 5 on this MR film. At this time, the configuration which can 
perform a lift off easily, for example, a cross-section configuration, forms a T type photoresist pattern. Next, 
MR film is ****sMc**** ec j by ion milling by using a photoresist pattern as a mask, for example, the MR 
element 5 is formed. In addition, a GMR element is sufficient as the MR element 5, and the AMR element is 
sufficient as it Next, the electrode layer 6 of the couple electrically connected to the MR element 5 is 
formed in the thickness of dozens of nm by using the photoresist pattern same on the lower shield gap film 4 
as a mask. Next, the up shield gap film 7 as an insulating layer is formed on the lower shield gap film 4 and 
the MR element 5 at the thickness of 70-1 OOnm, and the MR element 5 is laid underground in the shield gap 
film 4 and 7. Next, on the up shield gap film 7, it consists of a magnetic material and the yoke portion 8 of the 
lower [ an up shield layer-cum-] magnetic pole layer (it is hereafter described as a lower magnetic pole 
layer.) used to the both sides of the reproducing head and a recording head is alternatively formed by the 
thickness of about 1.0-1.5 micrometers. 

[0044] Next as shown in drawing 3 , magnetic pole partial 1 8a of a lower magnetic pole layer and magnetic 
layer 1 8b for magnetic-path formation are alternatively formed by the thickness of 2.0-2.5 micrometers by 
the magnetic material on the yoke portion 8. With a pneumatic bearing side, the position of the edge of an 
opposite side forms the magnetic pole portion 18 so that it may come near the position of the edge of an 
opposite side with the pneumatic bearing side of the MR element 5. Using the material of NiFe (nickel:80 % of 
the weight Fe:20 % of the weight) and NiFe (nickel:45 % of the weight, Fe:55 % of the weight) which is high 
saturation-magnetic-flux-density material, magnetic pole partial 18a and magnetic layer 18b may be formed 
by the galvanizing method, and may be formed by the spatter using material, such as FeN, FeZrN, etc. which 
are high saturation-magnetic-^flux-density material. In addition, you may use CoFe, Co system amorphous 
material, etc. which are high saturation-magnetic—flux-density material. 

[0045] Next, the insulating layer 1 1 which consists of an alumina is formed in the whole by the thickness of 
about 3-4 micrometers. Next for example by CMP, an insulating layer 1 1 is ground and flattening of the front 
face is carried out until magnetic pole partial 18a and magnetic layer 18b are exposed. With the gestalt of 
this operation, the position of the border area of magnetic pole partial 18a and an insulating layer 11 turns 
into the throat height zero position TH0. 

[0046] Next as shown in drawing 4 , the record gap layer 9 which consists of an insulating material is formed 
by the thickness of 0.2-0.3 micrometers on an insulating layer 1 1 , magnetic pole partial 1 8a, and magnetic 
layer 18b. Generally as an insulating material used for the record gap layer 9, there are an alumina, alumimium 
nitride, silicon oxide system material, and silicon nitride system material. 

[0047] Next, for magnetic-path formation, in the portion on magnetic layer 18b, the record gap layer 9 is 
^sMe3|t*****ed partially and a contact hole 1 9 is formed. 

[0048] Next in the portion on an insulating layer 1 1 , the thin film coil 12 of the 1st layer for the recording 
heads of an induction type is formed on the record gap layer 9 at the thickness of 1.5-2.0 micrometers. 
[0049] Next, as shown in drawing 5 , a photoresist layer 13 is formed on the record gap layer 9 and a coil 12 
at a predetermined pattern. Next in order to carry out flattening of the photoresist layer 1 3 top, it 
heat-treats at the temperature of 250 degreeC. Next, the thin film coil 14 of the 2nd layer is formed on a 
photoresist layer 13 at the thickness of 1.5-2.0 micrometers. Next, a photoresist layer 15 is formed on a 
photoresist layer 13 and a coil 14 at a predetermined pattern. Next in order to carry out flattening of the 
photoresist layer 1 5 top, it heat-treats at the temperature of 250 degree C. 

[0050] Next, as shown in drawing 6 , the up magnetic pole layer 1 6 which consists of a magnetic material for 
recording heads is formed on the record gap layer 9 and photoresist layers 13 and 15 at the thickness of 
about 2-4 micrometers. Besides, the section magnetic pole layer 16 contacted magnetic layer 18b through 
the contact hole 19, and is connected magnetically. Using the material of NiFe (nickei:80 % of the weight, 
Fe:20 % of the weight) and NiFe (nickel:45 % of the weight, Fe:55 % of the weight) which is high 
saturation-magnetic-flux-density material, the up magnetic pole layer 1 6 may be formed by the galvanizing 
method, and may be formed by the spatter using material, such as FeN, FeZrN, etc. which are high 



03/10/30 7:52 



http 



cous vok _ partial 16b is targe. -■- fonned m the snape u ~ 

width of face of yoKe part g rtia , 1 6b IS Torme 1 8a of a 

espeoially the bordwm. otm to th. J^T ^ „ ro position. ^ b , ft. 

magnetic pole layer U .ana face cap be formed wren etic po le layer 16 and V« aw 

S^SSSKTS- LTr^^^f d . bv fhe side of ^ 'i?* ^ 

pS fob of the UP •^^^SiL P"*"*L ^ fvSSh oHaco" sm.il. ™~ oxaot 



http://wrtw4Jpdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



light of Jhe direction of slant from the apex section and a longitudinal direction can reduce the influence 
which it has on the field for stopping reaching to the field for forming magnetic pole partial 16a f and the 
reflected light of the direction of slant from the apex section and a longitudinal direction forming magnetic 
pole partial 16a from the position of the edge which spreads on the crosswise outside. Consequently, it can 
suppress that the width of face of the photoresist pattern in the field for forming magnetic pole partial 1 6a 
spreads. 

[0061] Thus, according to the gestalt of this operation, when magnetic pole width of face is made small, 
magnetic pole partial 1 6a which has fixed width of face can be formed with a sufficient precision. 
[0062] Moreover, throat height is decided by the gestalt of this operation in the border area of magnetic pole 
partial 1 8a of not the photoresist layer surrounding a coil but a lower magnetic pole layer, and the insulating 
layer 1 1 using the alumina etc. Magnetic pole partial 18a can be correctly formed by patterning for example, 
by the galvanizing method. Therefore, throat height can be made uniform about two or more head elements 
arranged by the single tier within the wafer. Moreover, magnetic pole partial 1 8a does not expand in the case 
of heat treatment of the photoresist layer for insulating a coil. Furthermore, since the circumference is 
enclosed by the insulating layer 11, in case magnetic pole partial 18a **********s by ion milling, magnetic 
pole partial 1 8a does not deform it for the seed layer of a coil. Therefore, the position of the border area of 
magnetic pole partial 18a and an insulating layer 11 is not changed. Thus, according to the gestalt of this 
operation, even when the throat height of submicron order or the order not more than it is required, it can 
become possible to form throat height with a uniformly sufficient precision, and the yield of a product can be 
raised. 

[0063] Moreover, according to the gestalt of this operation, since the border area of magnetic pole partial 
16a of the up magnetic pole layer 16 and yoke partial 16b has been arranged in the throat height zero 
position TH0, volume of a magnetic layer [ near the throat height zero position TH0 ] can be enlarged, and it 
becomes possible to prevent the saturation of magnetic flux / near the throat height zero position TH0 ]. 
Therefore, according to the gestalt of this operation, when magnetic pole width of face is made small, 
sufficient over-writing property can be acquired. Without saturating magnetic flux on the way by forming 
magnetic pole partial 16a of the up magnetic pole layer 16, and magnetic pole partial 18a of a lower magnetic 
pole layer especially using high saturation-magnetic-flux-density material, a magnetic pole portion can be 
reached effectively and an efficient recording head with little loss of magnetomotive force can be realized. 
[0064] Moreover, according to the gestalt of this operation, since the detailed up magnetic pole layer 1 6 can 
be formed in one layer, a manufacturing cost can be reduced. 

[0065] Moreover, since the insulating layer 1 1 of the inorganic system from which thin and sufficient isolation 
voltage is obtained is formed between coils 12 and 14 and the yoke portion 8 of a lower magnetic pole layer 
according to the gestalt of this operation, while the insulation between coils 12 and 14 and a lower magnetic 
pole layer can be raised and ************ can do the yield, the leakage of the magnetic flux from coils 12 
and 14 can be reduced. 

[0066] By the way, the distance between the periphery edge of a coil and a throat height zero position was 
large by existence of the ramp of a photoresist pattern which is arranged conventionally at the coil bottom 
and determines throat height. On the other hand, according to the gestalt of this operation, since the coil 12 
is formed on the flat record gap layer 9, there is no bird clapper greatly [ the distance between the periphery 
edge of a coil and a throat height zero position ] as mentioned above. Therefore, according to the gestalt of 
this operation, magnetic-path length can be shortened and it becomes possible to shorten magnetic-path 
length about 20% [ the case where the photoresist pattern which determines throat height as the coil bottom 
exists ]. Consequently, it becomes possible to raise a RF property. 

[0067] With reference to [the gestalt of operation of the 2nd of this invention] next drawing 9 , or drawing 1 2 
, the gestalt of operation of the 2nd of this invention is explained. In addition, in drawing 9 or drawing 12 , (a) 
shows a cross section perpendicular to a pneumatic bearing side, and (b) shows the cross section parallel to 
the pneumatic bearing side of a magnetic pole portion. 

[0068] As shown in drawing 9 by the manufacture method of the thin film magnetic head concerning the 
gestalt of this operation, the process to formation of the yoke portion 8 of a lower magnetic pole layer is the 
same as the gestalt of the 1st operation. In the gestalt of this operation, as shown in drawing 10 after that, 
magnetic layer 1 8b for magnetic pole partial 1 8a of a lower magnetic pole layer and magnetic-path formation 
by the magnetic material is alternatively formed by the thickness of 2.0-2.5 micrometers on the yoke portion 
8. 

[0069] Next, insulating-layer 11a which consists of an alumina is formed on the yoke portion 8 at the 
thickness of about 0.3-0.7 micrometers. Next, the thin film coil 12 of the 1st layer is formed on 
insulating-layer 11a at the thickness of 1.5-2.0 micrometers. Next, the insulating layer 11 which consists of 
an alumina is formed in the whole by the thickness of about 3-5 micrometers. Next, for example by CMP, an 
insulating layer 1 1 is ground and flattening of the front face is carried out until magnetic pole partial 18a and 
magnetic layer 18b are exposed. With the gestalt of this operation, the position of the border area of 
magnetic pole partial 18a and insulating-layer 11a turns into the throat height zero position TH0. 
[0070] Next, as shown in drawing 1 1 , the record gap layer 9 which consists of an insulating material is 
formed by the thickness of 0.2-0.3 micrometers on an insulating layer 1 1, magnetic pole partial 18a, and 
magnetic layer 18b. Next, for magnetic-path formation, in the portion on magnetic layer 18b, the record gap 
layer 9 is ********** e d partially and a contact hole 19 is formed. Next, the thin film coil 14 of the 2nd layer 
is formed on the record gap layer 9 at the thickness of 1 .5-2.0 micrometers. 

[0071] Next, as shown in drawing 1 2 , a photoresist layer 15 is formed on the record gap layer 9 and a coil 14 
at a predetermined pattern. Next, in order to carry out flattening of the photoresist layer 15 top, it 
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heat-treats at the temperature of 25C > degree^ ^ ^ "^J^^AS-te^ 

~hl^ 

Sstte^^^^ 

1710731 Next, the record gap layer ^ ^ . struc ture as *^****w t s auu , , r to dj^wingJZ 

Syar 16 as a mask. Next partial 18a of a lower 'SE, 17*1, 

™ ToT^^—^ and yoke parua, ™ 

lower magnetic pole layer, and ma ii.au since the height of ^ejpex^ ^ pole , aye r 16 
[0077] According to ™ J*^" ^ ope ration, it becomes poss.o.e u, ^ 
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magnetic pole portion which has the width of face which forms a flat field and determines recording track 
width of face as a gap layer side. Since the border area with the 2nd yoke portion which has larger width of 
face than the 2nd magnetic pole portion has been arranged in the position which counters the flat field 
formed of the 1 st magnetic pole portion and insulating layer When magnetic pole width of face is made small, 
while becoming possible to acquire exact control of magnetic pole width of face, and sufficient over-writing 
property Since the 1st magnetic pole portion and insulating layer which form a flat field determine throat 
height, the effect that exact control of throat height is attained is done so. 

[0088] Moreover, since the edge by the side of the 2nd [ of the 2nd yoke portion ] magnetic pole portion 
makes a predetermined angle and it was made to spread to a crosswise outside to the edge of the 2nd 
magnetic pole portion according to the manufacture method of the thin film magnetic head according to claim 
2 or 3 or the thin film magnetic head according to claim 10 or 1 1, the effect that exact control of magnetic 
pole width of face is attained further more is done so. 

[0089] Since the predetermined angle was especially made into 90 degrees substantially according to the 
manufacture method of the thin film magnetic head according to claim 3 or the thin film magnetic head 
according to claim 1 1 , the effect that exact control of magnetic pole width of face is attained much more is 
done so. 

[0090] Moreover, according to the manufacture method of the thin film magnetic head according to claim 6 
or the thin film magnetic head according to claim 1 4, since the 2nd magnetic pole portion and the 2nd yoke 
portion were formed in one layer, the effect that a manufacturing cost can be reduced is further done so. 



[Translation done.] 
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